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Vitrification of Simula~ed SRP SludgQ In-Can Meltina—.———

INTRCDOCTION ANO SUi4MARY—. _. .. .

In-can melting (ICM) is an alternative process to continuous melting for
vitrific;Wior of SRP higl) level waste sludge. ICM incorporates calci!]ed
sludge into borosiljcate g]ass by using the prinlary waste cailister as
the Mel ting crucible. This report descri!]es IC&lstudi~s w~th simulated -
SRP waste s“!udge at temperatures rangi ncjfrom 950-1 ‘i50 C w Ith no glass
pouring and s]cw cool ing r;rtes ?rei~ioos vitr-ification stuciies with
SRF was e have simulated continuous inelting by using a melt temperatureJ
of 1150 or grtater, ~su~.lly fol lowed by glass pouring and fast cooling~.,,
rates. I(”Nrequi l.esa ‘lowylass imelting tempera.ture to iIlsure
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mechanical integrity cf the canister.5

.-. The laboratory scale studies in this report us
oxide sludue (Table 1) and Frits 21 and 21A +
22 (Table ~),’a high lithium frit, was also st l~ed’s;nce it forms
lower viscosity melts. Temperature and S1udg: oadings were varied.
Micros tructural examination and Soxhlet leach* tests were conducted on
the glasses. These experiments gave the following results:
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simulat.ed composite6
-CO. (Table 2). Frit

Microstructural examination and leach tests of the glasses indi-
cate that 25 wt % composite oxide sludge (&5% washed, dried sludge)
can be processed by in-can melting at 1050 with Frits 21 or 21A +
Na2C0 ~, and at 1000° with Frit 22.

Frit 22 formed lower viscosity melts than the other frits and
allowed Imore sludge to be incorporated into glass at each tempera-
ture.

An increase in melt temperature allowed more sludge to be incor-
porated into glass for each frit.

Leach rates increased with increased sludge loadings.

At low sludge loadings (s30%),
melt temperature.

Leach rates of Frit 22 glasses
responding Frit 21 or 21A + Na2

leach rates decreased with increasing

are equal to or lower than cor-
C03 glasses.

DISCUSSION—

Procedure

Glass melts (50g) were made in small alumina crucibles at 950-1150°C for
3 hours with composite oxide sludge and the three frits at sludge
loadings ranging from 25-50%. The melts yereslow-coo”lcd to room
temperature in the crucibles over -16 hrs. (The time needed to cool the

1150° [me]t temperatures. ) Each lmelt was examined’ for
Glasses :Ilatco])tai),~J I1Ouimwlted sludge w?re ground
Imesh particles and leached by the Soxbl et] method for
Weight losses were recorded and leach solutions wet-e
sodium content by neutron activation analysis.

unmelted sludge
to -40 and +60
24 hrs (Figure
analyzed for

furnace from 900-500” was -6 hrs at 950U melt temperatures and -8 hrs at

).
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.
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Sludge Loadings

The current reference flowsheet for waste vitrification assumes 35 wt %
washed, dried sludge will be mixed with 65 wt % frit. This corresponds
to 25 wt % composite calcined oxide in the glass. 7 The three frits
examined could all incorporate 25 wt % oxide sludge into glass at 950°C
(Tables 3-5). However, the porosity of the glasses made with Frit 21
or 21A + Na2C03 ,begins to increase at temperatures less than 1050°
(Figure 2). This suggests that melting rates for the~e glasses will
not meet process needs at temperatures less than 1050 . Porosity
increases in similar glasses made with Frit 22 only at temperatures
less than 1000°. This is consistent with recent viscosity measure-
ments. 7;B The viscosity of glasses with 25% composite oxide’ sludge
loadings increases to greater than 280 poise at temperatures less than
1050 for Frit 21 and less than 1000 for frit 22. PNL has indicated
that viscosities of <200 poise are necessary for processing commerical
waste by in-can melting. g

Tables 3-5 show that maximum oxide sludge loadings for each frit
increased with an increase in melt temperature. Frit 22 can incor-
porate more sludge into glass at a given temperature than either Frit
21 or 21A + Na,CO,. In some cases Frit 21 incorporated Imore sludge than
a equivalent amount of Frit 21A + Na2C03. The excess off-gas generated
by Frit 21A + Na2C03 melts caused unmelted sludge and high melting
alumina to segregate near the top surface. Fig~re 3 i71ustralXs these
differences in glasses that were imelted at 1000 with 35% sludge
loadings. -

Glass Structure

An examination of the microstructure of the glass products showed that
devitrification increased s]ightly with an increase in melt temperature,
particularly with Frit 22. Figure 4 shows tilemicrostructure of three
Frit 22 glasses under polarized light at 25% sludge loading as a function
of melt temperature. An increase in devitrification is apparent. This
trend is probably caused by the slower glass cooling rates at higher
me] t temperatures.

At low sludge loadings (25%), Frit 22 devitrified to a greater extent
than the other frits. Figure 5 shows the structures of glasses made
with each frit at 1050° and 25-Xsludge loading. Each is an opaque
black or dark brown glass similar to olass.es made by other methods. 1-4
However, micros tructurol examination shows that the Frit 21A glass ‘has
some inhonlogeljeityand devitrification near’ the tOp Surface. With
Frit 22, devitrificati”on is apparent throughout the glass.



Iv=

,’

,.

,0
..,

I

,-

~ -

I

1

‘o

.,

.,

,.

..

●

DPST-78-294
4.

At higher sludge loadings, glasses made with both Frits 21 and 21A + Na2C03
showed phase separations near the top surface due to increased viscosity
and poor mixing. Frit 22 showed phase separation to a lesser extent and
the separations occurred throughout the glass. Figure 6 illustrates these
observations with glasses made at 1050° and 30% sludge loadings.

In all cases the phase separations consist of an extensively devitrified
high alumina phase (nephaline) and a high iron phase that contains spinel
crystals (Figure 7). ]0

Leachability

Tables 3-5 show results of 24 hr Soxhlet leach tests on each glass in terms
of both percent weight loss and percent sodium lost. The total weight
losses of 0.8-4.2% correspond to leach rates of 1.1 x 10-’ - 6.0 x 10-”g/
crnz-day. The surface area of the glass s?inples was measured to be 70 cm2/g
by 8ET surface area analysis. The sodium weight losses vary for 0.7-3.7
wt % (1.0 x 10-4 - 5.3 x 10-’’cmc2-dayay bulk leach rates). In general the
sodium l~ach rates are higher than the corresponding total percent weight
loss for a given glass, which indicates sodium is preferentially leached
from glass. Oespite, large differences in devitrification in glasses as
a result of changes in sludge loadings and melt temperatures, the leach-
abilitites differ on:y by a f~ctor of 5 at the.maximum. These results are
similar to previous leach rate studies with simulated sludge and borosili -
cate glassesl that wer,emacl.e under simulated continuous melting conditions.

8oth weight losses and sodiunl losses show the same trends. With all frits
an increase in sludge loading increased the leach rate. At low sludge
loadings (s30%) the glasses generally became more durable as melt
temperatures were increased. With Frit 21A + Na2C0 and Frit 22, the
leach rate increased at 1150°, which could reflect the increased devitri -
fication in the glasses.

At higher sludge loadings (>30Z), the low viscosity. Frit 22 glasses con-
tinued to show less leaching at higher melt tempsratul-es. However, with
Frit 21 and Frit 21A + Na COJ the leach rates beceme more variable at
higher sludge loadings. fhis probably reflects the increased contri-
butionl-6 of phase separation and devitrification to the leach rate in
these high viscosity Imelts.

Leaci] I“atcs Of the g]cJSSU Imac!cfrom the three frits are similar
sludge loadings (s35%). Iiowever, at higher sludge loadings Frit
show better leach rates than either Frit 2’[or Frit 21A + Na2C03

at 10!1
22 glasses

I

glasses.
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A similar study to that described in the report is underway for sludges
that contain high percentages of iron and aluminum.

A study of the effects of corrosion and air oxidation as a function of
melting time and temperature on candidate canister materials with com-
posite sludge and Frit 21 is in progress in conjunction with Nuclear
Materials Division. The glass quality from these small canister (1 in,
dia. ) experiments wi 11 be evaluated by micros tructural techniques and
leach tests.

A scale- up to larger diameter canisters (6 in. dia. ) is planned to obtain
meltinq rates with newly developed frit compositions and to obtain samples
for mechanical strength- tests.
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TA8LE 1

COMPOSITION OF SIMULATED “COMPOSITE” OXIDE SLUDGE——

Component Wt %

Fe20, 31.6

Al,0, 46.4

Mn02 10.3

U308 6.1

CaO 3.3

NiO 2.2
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TABLE 2

COMPOSITION OF GLASS FRITS

~rit*F:::o; ,yt %)
Component _ Frit 22

SiO 52.5
2

62.3 52.5

I ..I Na,O 18.5 3.3 15.2

t3203 10.0 11.9 10.0

I TiO
2

10.0 11.9 10.0

CaO 5.0 5.9 5.0

Li,O 4.0 4.7 7.3
s
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LEACH OATA ON GLASSES CONTAINING COH;’OSITE OXIDE—..

>LUOGE ANO FRIT 21

h!eltTemperature (°C)

950_—

Y,,

x

x

x

1000 1050
f

----1--x x

x x

1

x x

1.37
x

(2.04)

1.15 1.09----

(1.78) (1.84)

1,06 O,gc)——
(1.5?) ‘-(1.47)

1100

x

2.62

(2.56)

1,42

(1.62)

.—

1.11

(1.77)

0.88

(1.32)

——

0.90——
(1.26)

1150

2.96

(2.11)

2.99.—
(2.12)

2.16

(1.92)

1.32——
(1,59).

0.90

(0,96’)

0,s7

(“1.03)

.’
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TAELE 4 Iu.

LEACH DATA ON GLASSES CONTAINING COMPOSITE———. -...——. —

OXIDE SLUDGE ANO FRIT 21A + Na,COl

Melt Temperature (°C)

950 1000

T

+

x x

x

r

x

Tx x

1.39—.
x (2.12)

l.lz~~
(1.79) (1.50)

1

1050

x

x

x

1.39

(1.96)

1.17

(m)

1.10—-
(1.48)

:: Ut Lost-..

.Q( ) 2 Sodium

x Uwnel ted..

Ost

1100

x

x

1.70

(1.93)

1.52—-
(2.06)

1.02

(1.21)

1.06—-

(1.11)

ludge present

1150

4.17

(3.66)

-

2.52

(2.23)

1.93

(1.87)

1.52——

(1.91)

1.14

(1.77)

1.03

(1.10)
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LEACH DATA ON GLASSES CONTAINING COMPOSITE

SLUDGE AND FRIT 22

Melt Temperature (°C)

1100950——

x

1000—-

X

1050—.

x
1.44

(1.31)

1.25

(1.40)

1.26

(1.37)

0.95—.

(1.10)

$.82

(0.82)

x50

l.l!+g——
(1.58)

1.35

(1.35)

1.32

(1.28)

45 x

x

x

1.38

(=)

x

1.00

(1.23)

1.36

(1.41)

1.4?

(i,46) (1.16)‘“o
1.28

(1.40)

1.02——

(1.17)

0.95—.-
(1.10)

0.86

(0.85)30

. .

.. -

.. 0.77

(0.71)

0.93

(1.20)

1.06

(1.29)
25

.,

% Wt Lost

?=Sodium Lost

.

()

x
..-

Unmelted Sludge Present
r..

.
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Effect of

Figure 2.

Temperature on Glass.—-—

25% Composite Sludge - Frit 21

225X
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10000
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Figure3. Effect of Frit on Viscosity

. . . .
~~% UOmposite sludge

1Ooo”c

Unreelted S1udge ~

FRIT 21 FRI’ 21A + Na,CO, FRI 22
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Frit 21
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Effect of Frit On Glass Structure
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,, “,

25% Composite Sludge – 10500

High Aluminum Layer
1,-”

@Slightly Devitrified

Frit 27 Frit 21A

225x

L

Frit ?2

phase -

Frit 21A

(polarized light)

,

.i: ,..

● ,.

Frit 22

(Polarized light)
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Figure 6.

Effect of Frit on Glass Structure

30% Composite S1udge – 1050°

LARGE PHASE

SEPARATION /\

FRIT 21 FRIT 21A + Na,CO, FQIT 22
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Figure 7

PHASE SEPARATION IN GLASS

35% Composite Sludge – Frit 21

(High Iron Phase)

Spinels

.
,. . . . -. =-+\ 1

Nephal ine

(High Alumina Phase)




